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Species 
Goto, M., Morita, S. 
With a spectroscopic method we have measured the spa-
tial density profiles of hydrogen and helium atoms and he-
lium ions of the first ionized state for helium plasmas heated 
by hydrogen NBI. Though the fueling gas is only helium, 
emission line intensities of hydrogen atoms are enough 
strong since they are still remained in the va~uum chamber. 
At the upper half of a poloidal cross section of hori-
zontally elongated plasmas the radial profiles are observed 
from outboard side port with vertically arranged (along Z 
axis) parallel twelve viewing chords. The collected light is 
guided to a spectrometer by optical fibers, and twelve vis-
ible spectra are simultaneously obtained with using a CCD 
camera as a detector. The wavelength range which can be 
monitored at the same time is from 400 nm to 700 nm. 
Therefore a simultaneous measurement with spatial distri-
butions becomes possible over 300 nm wavelength interval. 
In this range such principal emission lines of hydrogen and 
helium species as Ha (656.3 nm), He I (587.6 nm) and He (( 
(468.6 nm) are included. Since the sensitivity of the detect-
ing system is calibrated using a tungsten standard lamp, the 
absolute value of the emission line intensity is also obtained. 
Figure 1 shows the line-integrated intensity profiles of the 
emission lines mentioned above. They have maximum val-
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Fig. 1. Line-integrated emission line intensity profiles along 
Z axis. 
ues on the chord from the ergodic region which is defined 
as the area between the last closed flux surface (LeFS) and 
the magnetic field lines directly connecting with the diver-
tor legs. For the chords from the plasma core the intensities 
50 
are almost constant in spite of a steep change of the chord 
length. This result indicates that the dominant part of these 
emission lines comes from the edge ergodic region of the 
plasma. 
The local value of the emission line intensity is obtained 
with an inversion technique and the population density of 
the corresponding excited level is calculated with 
n(p) = E(p,q)/A(p,q), (1) 
where n(p), A(p,q) and E(p,q) are the population density 
of an excited level p, the spontaneous transition probability 
between levels p and q and the emissivity per unit volume 
and time, respectively. 
Meanwhile, according to the collisional-radiative model 
calculation an excited level population density under given 
plasma parameters of electron temperature Te and density 
ne is expressed with the ground state density n(g) as 
n(p) = r(p)n(g), (2) 
where r(p) is called population coefficient and depends on 
Te and ne. In our experiment, r(p) values are calculated 
using Te measured from Thomson scattering system and 
fle with FIR interferometer, then the ground state density, 
which is almost equal to the atom or ion density, can be 
obtained. The results are shown in Fig. 2. Here the horizon-
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Fig. 2. Spatial distributions of atom and ion densities with 
Te measured from Thomson scattering system. 
tal axis indicates the normalized average radius p. For the 
region of p > 1.07 there was no data of the electron den-
sity. It should be noticed here that the density of He (( is 
about ten times larger than that of He I in the outer region of 
the LCFS already. This means the neutral atoms are already 
ionized before reaching the LCFS. That might be the reason 
why the plasma density did not grow up in spite of strongiy 
increased gas puffing rate. 
